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K 8ft43 

ccroccrrOTy heaomx! a ouptehbanew-i oil shws -jo 

CKEL'\rE PEBMERBILITY AND SJlftSECO»faiV PBOCCCn OIL 

Ihis i.Tiveixt.ion related to ra.-KWRrin^ oi^. from a subtBrranean 
oil akialti by inefiTtfl of a ccnySuotivo h&at drive pmnswjfl, Morre 
jwrticularly , ttia icwention relales to trcatiTig a relect.i\'ely thj.ckr 
ard substantially coRpltirtalv iir^^oneabLe suJstorraiic^ oiX shale by 
iiTfiane of ^. conductive hoatimcf pfovaeu which both creates a 
peno^Id ^at\B witbin a selected portion of t>*jB di 1 ?hale aiuA 
subsequeiAly ptoduuiB shala oil Itydrocetrbons. 

A p#3Tn»abjJ.i£y-alcbd type trf ccnducti.w J«at drlvo fbr 
producjjiq oil frcm t« sutotsrrfinEsari nil fsh^le Inventxyi in SwiGden 
li>' F.rijuwj&truem. That pQroc»53r 'which W£*3 iiw-ejitad abntot 40 years? 
ago* was comiDrcially udad on a smll scale in tho Id&Oe. It ia 
dflscirifaacJ in Swedish patents Noa^ 121,737> 123^36: 123,137; 
123,138; 125,712 auil 126,674, in Uhlted etatea Patent to- 
2/732,195, and in jcaaiiiai articles such asi "Ondergronna Sl^ale Oil 
Pi'iolysts According ts5 the Jo\ingstroam Matbod" , IVA Vfoliro 7A 
(1953} Ko, 3, pagiss US to 123, arA "Net J5«sxgy Rscovoriea Toe 'Kib 
In situ r^lelfictrLC ^IcatLug of Oil shale" , Oil Shala S>'7ipo3iura 
Pioosodingfi 11/ paqe ill to 330 (197S). in the ^A^diah procsaaR, 
X'^t iniecticn wells and fluid producing wells wire ootrpletad 
within a penreable near-aurfaca oil ahale ftarrnation so tl^at tJiero 
waa Lass than a threa-oetra ge£5aration betifla&n the barehaleB* Te)& 
>iaat injecticii wells wsie equipped with elactx-xcal or othex haatlug 
alciTtoiits u^ich were aizrxounded by a iiBas of naterial, sash as send 
or cenent, arranged to iransniit haat into tba oil 5;hale \?bile 
pocevcntbig any inflowing or outflowing of fluid, in tha oil ahale 
for which tlie swodiah lyxoaass was daaignad aj)d tested^ tl:^ 
p;?rmeabllity was such th&t^ du& to a cnatinoouB Inf Vesting of ground 
h^ter, a cxmtinucus puorping-out of u^atar was naade^d to avoid 
wasting enargy tiy eva^ratli^g tlmt watsr. 

l^tth reapsct tn .aubatarttxally ccnv^c^^y liipanneable, ^ 
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TH.latively iltiap and j.TsIaUivoiy thick oil sJiale ttepowits, siicto us 
t}z)s5« vn Ulic Pieeajice Itifli.a ii\ ttje Uiiif-AS stratotf, the possriJ^xlity 
xjL- utiiiz-ii-ig a ocMiductivB hueRtii^ ptooabB fey p(ro(3uclixj oil wa» 
previaisly ooiiairteirtJd to be — acxjordiitg to pjr.lor tCActiintyB and 
belieis — eviTncnd-call? urjfeaadble. 1^ tsxairple^ in tha 
cihcwe-idcJTtified Oil, SIiaIo Syii^xjBvura* the irjuffujatroem lOTOosa is 
chsracrberi^od cis a proi^esfl which ".-^^aiiccessluliy reaovmiaci ::tadLo 
oil by «iite<5ding ttibular ^Jlecijrical hH»xting elatcwta within 
higl^-cfi'^itifc? stale deixsoits. ThLa Bielhod reliai on ordinary tlienra.! 
diffusiCkTs for ehskl^ l^tutg, whic^/ ot oour£e, requires lai'^u 
tenperatAirta gradienta, 'flrus, heating m.9 wxy nua-unifcintij months 
wc^re required to fiiliy retort*, sicall rtxxu-Hiz© blocks of shale. 
AlsOr /OLicii txaat. ei^ergy lAis wasted rin undbrluioting tlie shaifi r&qirms* 
b^yoorl the periphery of tiia xertautjpg ^oflfie taiU ov'€Thfiai:ljig the 
KlialR closest to tJia heat oouroe. Tha latter iirdblfitfi in epipecially 
iiUXjL-tant lu the case af t'testeni slialee; p ainoe theniiel to-jerqy in 
overhLsarted zonas, cannot l» fully rcccvcrad by diffi«a.an duo to 
d^thQttnic reactloiw whidi taka place abovo ^hajt- 60O *C,'* (patya 

In flubstantially ic^troable types of relatively thick 
sulM^rxanean oil shale farnnt.i,CQS/ the creating and naijitaioiog of 
a pcmrtcsnbjUs ^ooq 1.h]?cxigh whlcii ttte p^'rolyais pcuducta can tc flowed 
liaft been found to be a severe prdjieni. In uft Fatort No. 3,468/376, 
it is atatprl (in ools. 1 and 2) that '"nifire are two jncchaniaitH 
involved ill th^ transport of liaat thocougl; the oil ahale* Heat is 
transiferrod thucugh the aolid rmss of oil cihaXe hy ocrtduction* 1Vjf» 
hciat is niaa traivsferrod )jy oanvectiicn^ tl\rough the solid va^s of 
oil Bha]^. 'itA trflwsier of heat bv» odaidUDtion ig a relatively alow 
proodisti. ITie average i;heniKil ounductJvity and av^osje tbenoal 
drff iisivity of oil ahai« are aJxwt thoea of a firebricJt. Tha matrix 
of eoijd oil shale has tin RxtreoBly low pencBs^iUty nuch llloa 
unglijtred pc5Qrc»laJ.n. As a xt^sult, tha convccti\'*i tranjrfer of YjcAt ic 
IJiftitsaJ to heating by fluid flosco ctocaincd In open channels which 
trRversi^ tha oil shale. 'ihG9& flow channels may b» natural aj^d 
artificially induced fractures . On haatirjg^ a layer of 



pyrolyzed oil aliale tuilclg idjfiwecrt thft cttanaccl. Uiia layerr la an 
ii^orgrinic iwijieral niatrix which oarttArbw varjri.ng ctogprocs of carton, 
j^ie layer ia an evcr-Qxpskndir^ larrlcr to heat flew txcm tl» 
heating fluiut in the chemnal." "flte paceot is diincted to a proceBa 
^ for cnrcul&tijuj hsated oil t>hala'*pfral.y2ln9 fluid thrtTugh a £1om 

channe] vThlle Adding abrasive p^Articliui to fc]:e cirrmUiting fluid to 
erode the flayer at pyit;ly7Qk1 oil sbale haing fonred ^jareat to tiro 

AD.though the thoixnal ccoductivity and thaantl dif^fi]33.vit^ o€ 
JO nvany aubterxAnottn oil sliales Are^ in factf rclativiely aijcdJiax to 
t:^.oso of linglajced poroelain and firobdd^/ US Patent: Ni3 3,237,689 
pofltulatos that '*a rapid advance of a lycat Ix ui it * (CcO.. 3, lina 7) 
cdn be obtaiJTCd by exchangiisg bi^t faotstfran tte oil sbale aind. a 
xiucieor rector coolipg f luicS and d)Bgrrj.beg systdss for ualn? 3ucb 
3^ resbOtora either located en tbn earth's surEaca or In tJiQ oil ahaln 
deposit. 

IIS Patotit No, 3, 284,281 aiy9 (at Col. 1, lixiea '"Iba 
production of oil from oil shale, fay baatiisg tba ohale by various 
CDf^ft gvuCH as ... an elarbrical r^intancg hesAax . . . has been 

2t> Atteai?tfid with littio auocEJw, , . . Ecacttirin^ q± th© shalo oil 

pr.lor to tha application of beat thereto by in isita oonfeustian or 
other means has bsan practised witli litiile stucoess Lecausa tha 
shalti swe}.l3 upon Itoating with cangeq^isnt partial or ocnplfite 
closuro oi! the fracture*' . Iha pateiit described a pcncaaa of 

Z}> aaqiientially hdatin^ (and thus st^llijicr) tha oil £hale, then 

inj^ctin? flviLd bo In^draulicaiay fracture th& smqIIpjx sbalfi* thm 
repaatijuqr tiu^3Q stepa uiTtil a hoat-Btable fractore hAS besm 
prpr^Lgated into a production wall. 

13S PatGnt No* 3f45S/363 daBCxibtitt the aoccomlatlGD of 
pijurtially depleted oil ahale ^ragoecitfi irfithin a flcif cbazmcl such 
as a horixcmt>al f racturo being held epea by tba ^aceaaax^ of tl» 
fluid withia the cbe^insl. The patent disclosos that if tba cTuunnel 
mot Is lirtod to 9!a.intaiJi a flow path ab9^ stsch a iayifer of 
<?ep^etjed «hale, tba ovi-rlylng rocmntinna noiat ba bes)t and, without 

'35 pre;7iutiaas, will bend to an extent cauaing fractures to e}ctgnd up 



to hhn si^rface of tha eartli, nic patent Id directed to a prooefla of 
ifttemdttftniJy ros^uoiiwj the pca^^^urc oaa the fluiiJ witMh suuti aa 
f iracture to aii«if tha weight o-f ttJe overburden to omah and compact 
tJie layer of dgpletad ahitle. 
5 rn a si^^nificant forti.on <•£ st^etantlaJJy iiiyx^nzesible aivi 

colfltivoly thick oil ahal* depcisits, buch aa tlxiss in the Piosaancc 
Bctsln, d vaiuajble rescuroo uf a.i.tznii\umi is preesnt in tbs loxtn otf 
daaKsanita, Sn OS Patent No. 3,38^,97St dlrectBi to recavorljig 
aiuminiun valued frnm retctrtod oil ftbaltm whijch hav« baan reined out 
from Buch deposits, it ia pointed oat tMt, in a substantial 
absonoB of water » at ttsn^sratures of about 1300 t^Je dauKooitB is 
oonv&rtGd to cr>'9ialliTid ficdiiun aiunonato. Such a Mate]>-£rde 
retorCin? can 63oaapo^ doloailte in ths 3^ale. to produce carbon 
dioxide / calcitCr and njagnesixnn oxi^ so tUat nacptcsiuna uxide 

15 cathinaa with part of the aiiicon diaodde in th« slialc, in a rtonner 
permitting a higher recovery o£ the aluminium valuaa hy n loachln^ 
process. US Patant Nic« 3,5(^2,272, directed to utilizing aoiution 
imniTig to rt»ccanar daweonibe^ inrKrvitaa that Mhare the pyrolyiu? is 
effected by an agueuufl fluid, &udi a<i ataam or the prodiactft of 

2Q undargtcuDi oonbustlon, it Tmet te ccnductod at a lour teo^ratura 
and tlTiis rsiatively Blovly# to avoid convertiaig tlx daw&onite and 
othav soluble alurrdniom csoopouncls to an inooluble material fifjch ^a 
an!tlcitii« In \J3 Patent SJ. 3, 572,839, a similar relatU'ely lew 
teo^peratura pyrolya i a Is alternated with Injections of an aqueous 
aUcaline fluid ccntainii^ an acid*ingoliOalft chAlatiiig accent to aid 
ill loAching daaraonite wltJiout fonraisti 3V»sb Insoluble materials* 

'Cha prescQOt invention relates to a ptoceoa for conductlvely 
lieatimg a &i±rterzanea)\ oil ahain fiDntaxicn in a icttmsr arranged tpt 
pac D du cv ng oil frca a eubterrsnean oil &hala foncatioo \4^\ich ia^ 
initiolly^ ?ub5tantlAliy iix^nreable. Tn Accordance vich this 
ijWQnticxi/ the pcortlon of oil shale ^fifposlt to be ti-eated is 
selectid-i, on the basle of tihs variartions vltJi depth in th«» 
craipoeition an licoportiee of its ocRtpunentei to ha^<c pcopsrtiea 
capable ot intecaoting in a manner which enhancee 0)0 unlfurAdty of 

35 the heat fra\tft to an extent lijiuting tha trne and ei^ergy 



-S- ^U3'S-27^3 
<4xpea<llturfl» producing tha oil to valu s equivalent to Idas than 

the value ot tli« oil whicli Is prodKic«4. ?ho aeJLection of the 

treataiant interval la ba«f4d oa th« qxJkdt and thlckn«&ft oi th» 

portian of oil chaJLa deposit to tieated and the eziiiancaftont it 

provider amounts to xflductng thtt awouat ot heat ^aergy lo8t dua to 

exothertttic side roactionsf and Increasing the amount of oil 

recovered fron a givon grade of oil shale* 

Iti accordance \fith ty\X9 invention at least tvo vails are 

completed into a subterranean oil sba),e treatneat interval which 

10 i& substantially irnpermeabld, contains ciub^tftntiallY tiq uoblle 

watar^ is at leaist about 30 m thick, is capable ot confiolng fluid 

at prooeea pTssBure, at least subatantlally witliln the uraatment 

inteirval, and contalnis a qradc and thlcknoss of oil shale such 

that the avaraga grade in gallona of oil plus gas aguivalent ]psr 

ton by Fisoher Airsay is at leaaC about 10 and the product of th* 

grade tinier tba thiolLness in metres of th^ oll 8hal« is «t least 

about 900. 

ThuSp the present invention provldss in a process in 
vhlch cil Is produced fron a Aubterranean oil shale deposit by 
20 extending at least ona each of heat-injecting and fluid-producing 
wells into the deposit, establishing a heat-conductive fluid* 
impermeatble barrier b^ttrasn the interior of eacb heat- in j acting 
vi&lX and tho adjacent deposit, and then heating the Intorlor of 
each heat-lnjactlng xell at a tecDiperature sufficient to 
coiiHuctlvelv heat oil shale kerogan and cause pyrolysis products 
to tatv fractures within the oil shaia deposit through vhlch the 
pyrolyHis products are displaced into at least one production 
vall> an itaprovement for enhanciag tha unlfortaity of the heat 
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t routs OLOvlog through the oil sbail« deposit, which caiKprlaear 
deterittinlag variatlooa wlnb depth in the cottpofiition and 
properties ot th« oil 8hal« deposit; 

coTDpleting said heat-in^ectiQg and iluid^-pxoducing' wells 
selectively into a treatnant interval of oil shale In which 
the oil shala deposit <a) Is at least &bout 30 m thickp (b) 
la substantia lly iiapernaable ^nd £ree oi mobile vater, 
[c) has a cof&positioa and thickness such that t]i« product of 
the average Fieicher Assay grade times the thickness of the 
treatment interval is at leant about 900, and thereby 
cDTitalus coAponenta capable of interacting in a Tnanner 
enhancinc) the uiilforipity ot a front of conductively 
transoBiitted heat^ Hith aaid wella being arranged so that^ 
at least substAntially througbout said treatment interval^ 
Che well boreholes are subetantially parallel end are 
separated by aubstantially equal distances of at least 
about 6 m; and 

withla the interior of each heat-lnjectingp well maintaining 
an average temperature vhlch, selectively along said 
treatment interval, is at least about GOO^C, but la not 
high enough to thermally damage equipment within the ^ell, 
vrhile heat is being transmitted, away from the well at a 
rate not significantly faster than that penaitted by the 
therjoal conductivities of the earth formations adjacent bo 
the heated interval within the well. 

In a locatloQ In which a subterranean oil shale may 
contain portions vhlcb are generally suitable for use as a 
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treatment interval [as deecribed abo>^(i) i7ut are apt to bA 
P^rmoated by Bubet&ntiol ly dlaconneetc4 natural fractures anJ/or 
planes o€ weakness as well as bein? located near boandartee of th<] 
oil recovery pattern and/or near a potentiaily active aquiter, the 
ape ration ot the preaent procese can advantageouAly be Bombinad 
vith a use of '^guard veils" located near the perlj^hery of the oil 
recovery pattern and /or betveeu a production well and an aquifer. 
Such guard veils are extended at least suhatantlaLTy throughout 
10 the vertical extent of the treatinent Intervals and the adjacent 

forisatlons are initially heated by thenoal conduct loxh la a manner 
similar to that enplc^yed in the heat<*injectino veils, esieept that 
the guard wells ara neated at temperature a which ara too lo\i to 
gasify significant pro|>ortion of the oil shale organic conponenta 
but are high enough to cause a significant thertual ejcpanalon of 
the rocJc matrix ot the oil shale deposit. 

In some instanceSr it nay be desirable to maintain such 

a 
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re3.ativcly 1cm tforpewtxire guard wil tiKgctii^g ttitx^jgtoiC at: least d 
3ub3t«i^tial portioij ai tl>a sMle oil mw«eLV proceaa. In other 
"instances, aftGr oh initial relatively low tea^wrature hMfcing of 
the guard x^USt It iray ]yi advantageous to It^L cjuard f^olis ut 
5 ii}xjut tha tenperacure ocloctcd fcr the tieat-injecting w&ilfir ixi 

orcter to ex-pand thp pattcacn of \^ls from which oiJ dispiaofcd by 
ttermal ccfftductian, 

AS used heroin i^jgordlng the gca^e of tl» porticn of oil fjlvile 
to be tan&ated, the '"avetfl)g& grade in gallons per too by Fiscter 

10 Assay*' refers to the followtagr ttie dstanwinatioffi i.<) or 

equivalent to u dHteaniTiattra ccoductod substontisaiy a« c5»3cribed 
in tha ^^&lt<i Bbendard Te&t Method h 5904-60. Csufihed rax ahala is 
lianplAi kyy rif fle-splittliig. Tha det-erroj^tion of the momt o£ oil 
plus qa& eqviva-leart available- from oil ghaJe Is made by heating tits 

J 5 raw fihale frua ambient ten^ratuic bo 500 ''C in caet aiynunixin^ 

alloy retorts, Ih© vapoux» distilled fran tJiD aantple are cooled ard 
tha oondenoed fracuicoi la oollactRd, Ths oil ard water fractions 
are Bspsxatjad, the v»ter voluitM (oeoi'tirtad to weidghb equivalent) is 
cnaasuted txnd aiibtractad frcm the oil plus wjiater weight, l^e waight 

20 ot unooondonsablfi <jA&BSk efvoLved Igas^lxas'loss) is then calculated 
by differenoe. Hie gradts, as used in Uie "gracte t lines t]iic3mess in 
nertree o£ oU 6ha].e" product, ia tha gallms of oil plus 
l^ydrocarbon <jtis etjoivalent corrosponding to tJis total >«Lqht csf oil 
pluB hytSrocarbcn <5as cvol'/ed by tha hRadr^* 

25 The wllfl are oornpleted into tlie treatraEiit interval and are 

arrajigcd to ptcwide at least one each of heat-injectinj arel fluid- 
producing velXn having tocohcdos which, sobstantially throughout 
tlM troatmant iiiterx'olj are auhstantially parallol land an© 
separated by subslantlally ecfaal dietaoces o^ at least about 6 nu 

JO In tsvdh l»at«inj€ctajig well* substantially throuvhaut tt« treatment 
irrtcrval, tHo tirtill-suriounding face of the oil shale f orimt ion in 
sealed with a solid itetorlal ard/oir cenent whL^ is relatively haat 
a-sncanotix***. ajrd substantially fluid Sflrpetaieaihle* In each fUiid- 
pruducang wwU, suhfltanCially throughaait tlio trentarent intsarval, 
fluid oucitnanicaticn ia ejibablished botiWGon thd well baocehale End 
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tiiu oil shale foartiBtlOD arjj t>ve w).J. ia arxauTgcd ior piwlucintj 
fluid frnri tiw oil shalC! fornuitiian* T\ic li^texiw: ot each, 
hwit-injecting wiOl is boated, at least subBtanitially Uittyjgiacut 
tJie trcbt3i«rjt interval, at a rate or rntee gvi|vihi1 ft of [a) 
5 xrcrieaslng tM tenfrerirture wichiii the horcholft inter itrc to at lease 
abiyjt 600 'C and (b) maintaining a torcholc xnterior tmperataJre of 
□t least aborjt 600 *C without crausirg it to becona high enaigh 
thC'jaiTBlly damaga ©qulixneiit within tfm borehole whil^e tJie rate tat 
Which boat i& generated in the boreholo ia &ubRtiaitia32v equal to 

]0 that permittiid by the hsaat cpcuvluctivity of the oil bhald fOESrarfclon. 

In a preferred cntodiAiBnt of tbe present process # this, luatttrial 
for doaling the face ot tbe oil shalia tozniatian along che borebdlo 
of at least com l3fiat«<in^ecTtin9 v/cll ia a cioiscid bnttncn racing 
qroiTfted by ccansnt axrarqsid to f 1 U substantiAlly all ta£ the spa:s9 

1 bstwesn oj^cih outenTOi»t netallic elc^nfiSYt present: witJxln tia^ IntL^rijor 
of tl^ borehole and the adjacorit face of tha oil shale foniBtioi^# 
with aald conent hatving a ttienral ocuvauctlvity at l&ost 
ei2batantidlly as high aa that o£ the oil sJiala Eonnatioci. 
Deteimnatians an) made of variation? with dppth hi tha 

20 cx:iTpQ&iticxi and prop3trtiQ& of the oil shale deposit and, Ixx a 

f^irticularlv preferred procedure, haeaJ an. tha variation wii:h dpptl^ 
an the heat oondustivity of tha oil sbale daposit, tha heat- 
ing Ecting- wellg are l>jaatcd so that relatively higher ccnperaturos 
axi*^ applied at dspthe adjacent to portlona of tha oil ahaie deposit 

215 in vlxich tho haat conductivity ig relatively lovr. In addition^ or 
alternatively « in vaxiatis aituationa^ the effective radius of at 
i&a;st one ticsart-in je=tizig v^U is increased by craatiTn; an expanded 
portion of the well boxoliald nnd extending heat-cooducting metal 
eJeoentA frcro within the heated well Interior to near tha wall of 

30 t)ie expanded portion of tha baeehoie* 

The preeeot process io valueible for uee «dthiD a troatnent 
intjBaaral of oil shalA vhicti contains other valoable lednarali euch as 
dawaonite and/or naboslite* In auch a situation the preficnt |>cooeas 
creates a pentcabla kom whicsh is gelectively lor-ated, within t]ie 

35 treatment interval and fiubstantially wititin the IxTundarics of tho 
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weil pautoru ustad .tor tte oil procJacticn* ThB resultant' pcrwcabla 
7jrme j.-s a zood fxccn whicb sudi otJ'ier tnintrals can be anlnftiorv- 

In general # die pre&CDt invention U applioablL» ta 
substaatially any jubtctranaan nil ahalj? iJeposlt occitaixjing tm 
interval of »ubBtanHa11y lii^^xcir^lft oil sihaJn which is 
subataiM. tally frco at mohil.e val^\ is irorc "Uion tifcRiit 30 m thi.c^, 
uTjd has ai^ actcqueitc r^vera^a grade in gallons par tuD (PiKzher 
Assay) to give a gradQ-thickrj6B» prcdunt. of about 900 or greater* 
Ths «VQra;gie grade of the heated ititErvai Rhcmld he greatca: tiian 
aboot 10 gallotift pur ton (FiscJier Assay > . V/ithin thaaa 1 imitations ^ 
a hicj^iar grade- thickness product ).» increasingly deairabla if otiier 

tl;^ invention vill iicw be cxplaioad in greater dat-j)il wltA 
ireferwjce to the aooatpanying dl^awings, in wJtichs 

Pigiure 1 shows a plot of relative rate of return (RR) for 1982 
US dolloxd invested ii) instalUng ^ operating the paxx»&& of tbta 
pro»att invention, ast a fTMU?bioa of oil shale grade-thickncaa 
CGCTI) iicoduct, tn produce ahalo oil art its 1982 valu9. 

Figuxe 2 illustratBft a plot of thSGTial proftlflfl at an 
dbs&fvatian ni^ll regarding teitic^raturea maaBured at different 
depths (DJ and tiroeH within that irfoll. 

Figure :^ is a plot of the raaial thsamal profil£ta at the 
ndiddla of a heated Fome after dif feremrt timea of heating, 

rlgur^ 4 is a plot of therml oonducti^fitiefi parallel and 
pc^rpendicular to the bidding plarjea of an oil shale as a functioo 
of tccpcratund. 

Figure & is a grapli of Fischer Aaaay yield with dspth (D) in 
and aboi'o a nsst^ pactlcn of subt^rrshsa]^ oil shaltt. 

Figures 6 aiid 7 axe plots of horizoiital and vortioal 
tenf3cn:ature profiles within a htsated portion of Aibterxancian oil 
£l^la fonnation. 

Figure 8 ie a echeaatic illufitration v£ a partioo of a 
carplftion arranqpirpiit Sdi table for practising tha pr&aent 
iiwentiosfu 
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v«Zl pautortj ust^ .tor the oil praiacticn* Thn result aaU vxnanoahla 
zone a zcsnn £rccn whicb audi otJvJt cnintxals can be aolAitian^ 
]Tiined« 

In geosral, tha prcfiittjt inventlcn L3 appUoal^lt^ ta 
fiubstautiaAly any subtcrrcaaaan ail .ihal^ deposit cmtaining nn 
intervid of BUbBtanHally liT^jftrnKaablft oil shalo which is 
suhataiM-ially £rca of jnohil© Kai«r# is irorc tiian nbrait 30 to thi.cX/ 
and has ai^ actcqunte avera^a ^riide in gallonfi psr tm (PicK^her 
Assay) to give a grado-thioknaBS product of. about 900 or crsreater. 
His Avoroge grade of the hwted iiitarval should be greater tiian 
abmrl; 10 galloufr per ten (Pisclier ^say>. vdthln thsea 1 imitations « 
a hicjJiax- grade- thidcnees prodiact j.j* inrrcaaingly desiriible if othisr 
conditions euch a? dei?th rcmeiln the sane, 

invention vill jkw be cxplainad in greater distail wltK 
i?Rferrerjce to the aoooopanying drawings, iD wJiidfis 

rlgiixa 1 shows a plot of rsiativa rate of return (RR) for 1982 
US dollard invested in instaUing and opercatiixg the prooo&fi of tba 
prosont ijivention, as a Ifimotloei of oil shala grade-ihicKnc^;3 
(G>:ni1 i^iroduct/ ta produce shalo oil a± ite 1982 valon, 

Flguxe 2 illustrateaft a plot ot thsrrtal protllas at an 
db&ervation well regarding tejtiperatureB cnaasured at Hif fcraaC 
depthft (D) and tineR within that \fQll, 

Figure 2 is a plot nf the rat^lal thsmal proiilcts at the 
ndjddle of a heatefS ?.can& alttur dif £erenrt tixnea of heating. 

Figure 4 ia a plgt of thencal ooniuctivitieft paarallel and 
pcjrpendlcular to ths bidding plariea of an oU shale as a function 
of teaapcraturo. 

Fiqupe & is a graph of Pifictaer Assay yield with dspth (D) in 
ax\a aboind a hasted portion of subtserrsnsan oil shalA. 

F'igures 6 auJ 7 axe plots of hori^iial and vartioal 
tHnfaerature profiles vithin a heatad portion ot ^ibterrarjoan oil 
£}^alB fbctnatvon. 

Figure 9 ie a 9!^)Qcnati0 illu&tration o£ a poctioo of a I 
caiplcticn arrangf^irpnt suitable for praotieing tha preaenrt 
iiwenticffu 
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tar ^iri, lonngsccofira tettc)W5 that tha in flitu heating »a5 
pyroly-^iiig should I» doria in a portion of t)te iirparoablc Cormatiai 
which io vertically oontiyuoua to □ well- inter ounrectiiiq fraotiu-e 
ciT a layer ^licJ^ )3aB different geologiual charactcx and is 
5 perraeabLe to flow of the fluid prodic^tH of the heating tir 
pyrolyaifl, 

Cootmri' to Uie litpiicatinna of sxich prior t*achingg ai:rt 
beliefs, applicaats diJKXJvoredl Uvit. tha prcafirrtly dsKcrdbed 
ctanductive haatlog prooegs is cscofltonicaliy feasible for utie in a 

Id atibstantiallv irrpemiBable suSatcrrano^tti oil shalieu This not 

obvious, particularly in vaeac of the fact that tha preowiL process 
uses a rmxc^i larger well s^naiivj than tliat used in tha $^^lfih 
pi-oae99 and tha preseait ptcccsje ifi condiictj^ by heating the 
inject! 051 vralls to tenpsratures of at laaaft about 600 '^C jalthaogb 

15 600 •C tuia been gaid to by conducive to 6i\ acoasaajcaX^y untenable, 
heat-wasting, erxbthranio rccotiooj^ eee the Oil Sharla 9yirpoeHxT» 
Prrx^lngs tnenrtionad above) . 

By inesns of laboratocy aaid field test fiiea^urencnta and 
jziathemati^al models of the present pzooofia, applicants have foond 

20 tliat when the ^13» aro cpaoad, cxjwipletod, aid operated as 
prseently <32scribed# the only recilor) in whLch heat energy ia 
utilized in an endodiermic reaction amtxintfi to leas than about t% 
ot tha ariaa to he heated, cxnd tha enet^ lost iJi that fiaehiorj is 
inaigiiif ioant- A^apUcants l»vo iTiaasuted the rate at which 

25 substantially lirpcnn^sable oil ^Mle fonnationa axa heated }r/ 

ocJDductivity, and have ddttittidrad tha amount of haat required for 
PV'xoli'Blng karogen aod thernally iTOSsurizing the pyrolysis 
products to prie63ureo oapabla of fraetwrlrig a mlativtely deep oil 
fiha'-lB fonnatloci aod tfaa nw lly digplacdng pyrolysiB prodoctsi tliro«gh 

.30 tha ao-craabed permeability, 

Iha data obtalr^ b^* such it^d&arenenta in the f idd and! in the 
laboratOQcy liiiwa been «i5>lai'ed in oaloulationa of power roquiro- 
menta, ooanoDiicft, tiwi bo start pocoduotion, pi»j«ct teaticn* 
acnount of inxduction, etc*, in nathenatloal slJtuLatian» that 

35 ooLxelate the field zmd labarato>y data and iixlicate the 
tnacjnltwSeJi of 3uch iactora io reepeot to a full soala 
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tha oniy ahala oil. i^rtxtuction pxw-&» of whf.ci-i oiivlicantR arc owlitb 
w>tich 13 06pabla of cccciantLcally oijfeaining oil frcfti a ireUtivciy 
lOfi grade oil Kha^e fontatifm, soch as aw in which tha Fischer 
5 Assay .13 only 15 gallons or Isbb p*3r ton, 'n^ao capeJiility can 

increase tha petroleum neneiwoa of a aigivi (fioniit i^ropcartiCM of the 
oil slMilc landfl by a I^actijr of six. In AwSicMciai, wi+ii respect to 
I3rc>aess«i ior uwtenjxoimvd mining and tflLxiified in Siitti retnjrtjjKj al 
oil .HiiaJCr the piTiaent piwaas Bi^ifiaantly ijv^jrdtfcfl the amosant 

to of acvciUable xeaaiCCHa eliaiijating tJw ni&ici for suppoGCt pillars 
and iutoxburd^ betwtM^o ndjiing zcavaa aoA by poxviding a T^t^ans for 
treatiHng snbabant tally All of a very tlxick i-ntor/al of ail fjhalc, 
Tha present prcx3es9 can advantagooualy be flfplied to an oil 
Ejh3l;(5 formation in which tJierc ifi significant oonaerrtratiai o£ a 

!5 TidTieral jyjch as <3eB«>antfca cr nalioolite. In such a foiTration the; 

jxcQCOBs^ providdB a pezmcfiblB zone fxoca which snjch a initiBral can be 
rGOOvered, ir\ addition r the p reagnr t ptrocafifi is particularly 
acirantagacwfl Jj\ convertii^g dawsonite to wator-agluble csompouiula ot 
alumniuiii (probably rha-alccnij«i) which have been {both diefniCftLly 

2D and phygioally) irade available for solutian-cidniiig to ptoduDa the 
alUTdjiiimi — ftn esaantial itatxarial i*tch is in short Fwqpply witliin 
the Onitad States. In ccjntraat to many prevlcauily propo-sed 
ponocessofi, tha process of the present Imientlon roqulrtfS tsub- 
stantiaUy no water, iitvoXvea mnljnal lar^ disruption, and con ba 

23 conducted with minimi ataiosphnric pollution. 

Figure 1 shewn tiie ralijrtix'e rabe of return for 1982 US c3oiIar» 
invostad in installixig aoA opftratancp the present proceaa in fielrl 
:^j;pl3Ra.iicn8 t>iat have boon mathamatixyaiy iiodel.1jed fran diita 
d^tainssi tr/ tield and laboratory nnajiur:en.«nts. 

k DDxijBff of injection and jTioductioa weUn jjs drilltsd into an 
cjil ?>hale foBiution 40 ra in thickness with 120 m of ovcrburcten- iha 
avciacpB. oil grade of the intfir>^ -la 20 gallcria per ton as cletcr- 
inined by Fi schcr Asiwy* 
3> TiiK v«U pattern is* a soven-spot with each heat injartor at 
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tha conier of a xcgalftr hcxaa^on ^uriauncllng a o&srtral proSucincr 
woXl. Ttm ^paclnqf Is 22^5 At }jstuean producers andl .ij^Jcctora. thd 
pattiitn rapMriia vith producers sharing tha inj«:tnr9 in each 
direction cuid cantimia9 to torn a f ieldrWidbC! perttevn cap^le of 
5 prcx^kicijng d iatf^m quantity of oil. The iniector-bo^TxiucBr racio 
appocoacteft 2 to 1 iu a large fiaJd, Tn Fbcanplc& 1 the total oil 
prodtoctixwi L3 23pOOO barrttla per day througtoJt the IL&f tl»i 
jiax>ject. 

T/id injection we3Ja elecbrlcal haatcara are nmnnted into 
JO foscnatlosi axid oocnazted to a pcwar scraioo Gn tbo uorfiDcii. ITw 
pnoductiorx wells arc oqulE^^ed.with atandard all field pjoncpu for 
lifting tha produceirt oil to tha aurfaea* "noa electrical injection 
rato la 3*23 x lO*' mV/w&JA per day. lha tertcarature nf the 
injcctora L^toiiui 720 'ihe prodQCtloan viclla raacb a teovinal 
15 tenpsHratura of 300 aftsr 33-34 yearn of operatlcaa. Production 
owac thia period averages 5-6 b«urrala/cJay par wail, vcith tba 
tivacagci ^unfaar of active prcdncing wells b^iiig frcua about 40(tD to 
5000, float conisuitpticn ia 1.1 x 10^ DTU/barrel of lijq^d oil 
piro^ucticvu 

20 GaeeaoB prodacts oolLccb^ frcm tha proauction vsells iray be 

u&ad for im-aita geneocaticn of eloctrlcity or otfiar puzpoaaa. Tha 
oil-^aso petrolcun which ia ao prodnoad is superior to oosi- 
veiitijoinaily retorted sJiaLa oil. Toa ralatlTm rata of xatwm uhich 
can be expected frcxn tba li^anple 1 situatioii iz illuatratad by the 

?.3 "KX. 1" fiitilxtiun daBignat-Aon cai Pi9nre 1. 

A ssriaa ot injecticn and production wells arc drilled into an 
oO. a^xaie fonration 2:25 tn in thickneaa with 300 n ot overtbuxden* 
Tha a^'^aga grada g£ tha oil ahaXe inberval is 26 gaUcoaa pear ton 

:iO as det»rm.j»d by Plswher as&ay. 

Tha wall pattern is t1^ sane 3i9ven-spot daecrib^ in BKan^le 1 
exc6!pt tiia ts^c:io9 is 13, & m beCMoen vallc instead of 22.S m. Total 
production is 25,000 borrela/dtiy tioutihout tha lii5a of the project. 
The Injector to producor ratio still approachea 2 to 1 » In tha 

'25 mils, the heat(» and production taguipmant ana ninuJai' to those 
<teacri^ in h^^anpXe L. 
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'iJ-jpi ftJcctrioal injection rate is ICS 5 x 10^ BTO/wall paj- day, 

TVui irii6>ct.3i:fi vcibII tciT^rdtuzeH rp-^v 730 Bad the p/fiijiirt1,rg> 

wells reach a fix\Al tcnpcratLire o£ lfJ» after a proctictiori life 

of 9-10 yo^tM. Prodoctlon csvnr this parlod averagas 42-43 

horrelp/cWy per wullr with rJhn averei9e TAsaij^t uf active pTr5rtnr3nig 

5 

wftli^ being aibcut fiDO. T!h« heat ccnstuqptioii ia r>,6 v 10 TFlVbonel 
of iix^ixicl oil prodooccL 

As in ^anple I, gasecus products can ba usee! for rxir-j'iitcj 
poKiwr gaiCTJitiOD or othar purposes and tha iicjuid produce v.iJJ )>o 
hi^jhar in quality tJan conventionally retortod shala oil* The 
relative rata of xctum whidi tsm be fsxpacted is ilZuutrutcd by the 
^E5c. situoticm <Se»ignatico an Figure 1. 

Table 1 liatft o-:nbination3 of oilp shale griaian, thii:*ne99^ 
and grade-ChickiKCS yiroductft which are generally auitsiile for una 
in the prearait prooess* Ttitt relotive p-DBitlotifl of suc*i gracb 
tbidouMA t/toducta with respect to the relative rates of f ineoiciAl 
xetuxn are illustrated by the ctesigiMttionA "Pte^arreJ Itonge" <P.RJ 
dndl "Eape^iaUy Preforrod ftanga^ on figure 2. 

TOBLB I 

tjiratfe {gallong/tpp) V his^cneat W caratte x Thidcnegg 
30 30 900 
20 45 900 
10 90 900 

More deairable grade thickness eocsflplea sfiowrx as follcr.>r3: 

Grade fcrailoDa/tnn) '>1udcno6a <ift) Grade x Thiekne^y 
30 mo 4500 
ZS 60 1500 
20 ."lOO 6000 
15 fiOO 9000 
Jtn Z25 2250 

In (jEsnaral* the higher the grade thldcnefia tjroduct tHe mwre 
jQuirublG. X^ie E^racticaL aEPlicaticoa io Liiidted only by ttw ability 
to h^-t tha dsBirwl interval.. 
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Field Tegt Moasuttmant g 

Testa w3i:e conducbaa in an catcioppijng of an oil shale 
foQcnatloei wtiich is typXool oi HubntanCiallv iJ^!t3iiins»abJ-B aiv) 
relativoly thick oil shale d&pouita. Ihirtecn bornibolefl were 
driiled to d^sptha betMeen 6 dnd 12 ta and wnm arranged to puxA^ida 9 
pnttem of beat-iniectitxi, obgervatijon and fJUd.d"proAictiQft 
wltli tJie borcholob being spaoecl about O.G in apart in order to 
grmida a reilativelv n^id aaqijif9it.ton of clata. Haat wan injca(:ocl 
At a i'dt« of about 1000 watt6 i^r netre for five daya. After tkm 
haat^injoctiofi wiall teirperatuie had zeached 4S0 a tcsi^rutura 
s^ll'-otf test MdB ruts finr cono day. 

Fi^re 2 shows the vtartioal thjeoal profiler; in an obsencvatiLon 
wellr &s ^ functn^^ oC tlmo, Thm data waxi Citb^ to a »lath^Enahlca\ 
?oJ.utian dleficribing the tcnpotrature difltr.itnstlon around a 
^inite-Ienigth iliiH nom-isj iiiatde* a jnadium o£ thgxnal ooDtiductlvlt^ 
(parallel to boddit^ 3.25 tnDaI/cn>-aec-*C and thaxnol ocsndoctivlty 
(poQcpandLcailarJ 3.25 in£3!a/cift-aiie-*C» iVie spociflo licftt ojipacity 
;itilized iii thft c:iila9larticn5 waiB coaiprited f zon ths thenoal 
ocsnductivityi thermal dif ftts-ivity , and av^raga iTulk density of 
oorea xaTOven^d during drilling of tJie ii#dll&. Tha thezncxpliydicaX 
ptop^artieB for the tha oil bliala in which thQ taottf viiara ccnductjad 
are sTinruicissd izx T^Xe 2 • 



Figura 3 flbmr? radial profiles coi^tad far the iniddld of tha 
]\oatcd 2au> for varj.oas baatingr tlrnas (t) . At the end of a 
tarperature buildrup tseet of 140.5 liours, tba avarage foncBtion 
tenpcratiiro hat^feea the haateo: and observatlcn wall warn 120 <>C, 



l!nxtial Rcsen'oir Texqsrature 
FiediiBr Assam's 
J3ulK Dcnaityj 
*thscinsil Diffueivitys 
Specific ticat Capacity; 



20 gallon/ton 

-1 2 
6.6 X 10 cm /aec 

0.224 oal/gm <'C 



9. ft ''C 
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Figure A shcvra a ocxi^Mirlaan oi iahtn-atcjry vrj.VuBS ^ fij&ld 
data r«iati'/Q to th» cbamal oandiuctLVity ptimllal tn ^rd 
pcrparxlicular to the beddiiiq planer of the oil a>i4ilc! fiormaticnr aa 
a function of tssKperature. The laboratory oorjauctivlty tnoaauttoHflntfl 
5 were nBde oo^ ftdjaceot snn^ititi of oorea fron the cbaerva-tioii v»ll, 
ujfing -=<m« oD3ncft cut pea'allal to and asm cut pexpeaxJicular to tlio 
bedding piaiw, A ai trogon-atmofeplifeCd wna uaod to eliadnatjs 
OKidation reachion* Tha sanplea vseie coactralnsd in tte vertdcal 
directicn bat ware free to e)cpan<J radially i /iftcx tte sattploa ware 

10 heated to aOO 'C, tlia rAdial expanelon averagsd \.45%. Afi Ghcwn in 
tha figgiTOf ttva Laboratory valuatt ace in exoellert agreecoent with 
tl)a valuea ocnpat^ fmra tbe field data- Ti» te^tii indicate t^at 
the tbenml ootfidoctivity ia loswr li> the direction jx:£!(»ru3icular to 
the bedding plcmo, becrauee keiogen laytscs have a Icwr oondoctivlt^ 

15 than tha dolondte watrix< At tettpejcatures heloi# iOQ "C, the thansaS 
conductivity Lu C3&b«intially ieotnTpiCr as cbservod In tho fiold 
tests. 8ut^ that osanduobivity beocmee imcxeasiBgly anisotropic, aft 
the i^rogen is rccnoved {at tefiperatozea between 300 and 400 ^) and 
gan begixis to oocui>y the speooa betwoan tha layern» Above 700 •C/ 

20 both the par«)Uel a]id perpendicular conductivity decaceoee ahaxpXy 
due to the ddCx3Ei(X>5)itum of the dolcodte ajid evolution of CO^- 
fthen a subtcfrone^ oil shals fiarnntian ia beartod the oil 
ahalR expcsmds af) tha tcn|)erature inaroa&ee. tShen the oil ahale 
tait^ratuze reaches a karcjgen pyrolyzii^g tcnporature {fear eocaorplo* 

2S fran about 275-325 •C) additional expaneicn f cmces are gaterated# 
rhe kercgen is coinvraLrtod to fluids cupablo of ocaspyiiig a larger 
volume than tha keiogen, and sadt\ fluids becone increasixvgly 
pcceesurized when the ten^^exatuxc is incrcfaeod. As more £luid 
Corcoiid iini mem fluid ia heated, hydraulically ii^jdnced fractxires 

30 £<7nii viU^iu tho oil Bbala £oiiration. 

Fractures \diich are liydrsulically induced within subterranean 
&ai.-th 6nnnaticnB fana along planes perpe3)dj.^Iar to tJio loaat ot 
the three principal djuyi enjiive s tt TP sseg (i.e^ one vertix^ai and 
two sujtually perrpendlculsur horizontal cosopxesiuve stcessQS) >«hich 

Vi exist t/ithiQ any eubterriinean earth forsartian. HcMemr/ whexa tha 
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Kydrauhic fractair«R tend to bo v^flrticalr horiTontal fraciAares can 
ba frTHiiccl lnj<autijig heated C1ui<3o GO tJlat tha of 
v^^ical fracturco est^ lusuted untH they sMcli shut. Thfln, by 
ti^crcftsirug the flxiid injocticn i^uK^kuiiB to greaier tiruai i^M^rlmrdHn 
3 pressuxo, a hoa'ivcntal. fractare caa^ be foimct f^c^ proccs9:ija Tor 
theznaliy inducirg thn fioncwticn of hcjrizootal fracturec by 
injeccijng externally hsotRd and p ocessgrizfed iluida ac« clescrltod in 
patenta iruch as tlte aba«/d-^iiecrtiona^ US pat-eot t<to, 1» 284x^81.;, tJ3 
Patent No* l,d55r?^l ty C,S. J-iatthawB, P* Vamierara and C,W. \tolekr 

in And U8 Patent Nb« 3,$13,78S by P.J. ClOifiKAaan. 

ApL>lj.CBnt3 have iira^ di huj v wj.^rf that whm sob&tontially 
iit^meab.! e s^ibo&rrafican uil klialea fiavlng bbc prG;«2iitly spaciBfad 
ccnbinatijou of grade and t1u<:0ai2&& ^vxa cooduirtively hcatod a» 
prcsci^ly G^y^i fied>> a rcna of potmcahi lity waa lieuelcped botueen 

13 wellf^ wltliin the oil sbula, AXtlmgti die pcc^oat invention is not 
preflALE)^ on any particular mechaniai, in bbe cxzurse of auch a 
tccatnr^ the heated oil sbal» l^ahaviadt aa thnggb It was scdsjeotod 
to the atoovo-cfeBcxiJsed typ9 of proo£»aA for thaxjnally inducing the 
foo^tlon of hcrizental fraotores. Sodi a betwioor waa iiot 

^ predictable* sinoo tho pi'«iaent prooasa l£ €E»ratfid uithnut any 

iajectioD of an>' fluid. It app2>ara that when the present proocso ia 
cporabDd witliin an iiipannrabla oil fihaLsr ttia in situ generatim 
and d.i.^laoemcnt of haated and hi^my pressurized fluids oocure at 
the tixnea and to bhe exteanrta reaied to auccessively extend ai^d 
horieonrtally fracture through sucooesivB portiana of r;he oil shale, 
whsn th083 pcorticne beoGne ac:rjdoctively licatod. The zona being 
htiated appears to undergo a relatively uniiunD, horizontaU radial 
expansion throagi)) the oil atiale« at ttua rate set by tho thranral 
cooductivity of the oil shale, m each taticcessiva location in v^ldi 

30 a Xerogsn pyroly2ii^ tcrc^peraturs ia xeactodf fluids appear to be 
formed/ heated aj)d pv&ssKxrizGd ao tiiat aidsatajitially any vt^iool 
fractures vjhicb are formed witiiin the bsaated zone are sidbsociuently 
cotjvertad to txaricGfttal fractures . 

i^Ucaotw' teats indiaated Chat sid)st&ntially all of tt^ 

-V> fluid pyrolysio promts of the oil shale taided to reitein in or 
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TJOJCC diD itx:5rtion» in vjhich ths^' were fonited untH..l riicy were 
<3d.gplaced, through 3J3b3t--anti4my horn^orttal friS4;turea, iirto wollfr 
fldjcaduiing tbo liaat-iniecuing wells. In ntMrttion, tho fraetirre.- 
i/^ducijig pressure oi fluids m tbd l^arfvtntital fractures upp^axB to 
5 liave been jiecSaoed as tlxi&a fluids cxp^nidad ^fcxe ooolc^ as th^y 
laoved away froni tlia botbMst ixartiaiijj of the i>aated zcne. 

thft prvnDt prooc&fi aeaia to InAvx th© mcvijyg orf a 7jO(no 
~ u± keroQcnr^VrolyziDg teoiperatures thruij^h tha oil sinalA 
ijntadiai:aly bclili3d a zona o^f J.jocallz^ fmcturin? Id vhich the 

10 £rACtur«id ax:?/ or socn b«com», horirontal fractuxoa, iXl'ie incatltig 
and fracturdAg tanssB aeen to UDdor^ a substantially unifooi, 
horisontal^ radial ^iKponaia) bhrou^ ths oil shale/ uiitLl the rone 
o£ fracturing read^ a location (sixd^ as tha borel-oXa oi! a 
producticxi wall) frtXD vriiich the 03JL al'Alc Epyrulysia products ar^ 

iS witluclraun. 

In adlition, applicants have di£>c»vened tbat« at least wham 
the overburdes^ pcos^xrft ia maXL, tho zun» oi pannpabillty that ia 
croatsd bettva^n adjacent walla retains a slgtiificantly high diegrea 
of pcntfiability after tJw ftmnationa have ooolad, IJtuB it scppearc 

20 that> <3wan if tha overburdan pr^ssuia ia bigh, an Afplicarticji of 
tlia pveeent process ia capable of fonning a uelX-interooniisctiJig 
zcno ixi which tha percnoabillty remits high or can be i-eadily 
xestocrea 1^ an injection of fluid after aam or all o£ tha huat haa 
dissipated^ ^d, the di^rsid and 1 option of that pemeedbllity can 

25 be oontrtilled hi' oailxolllng tha rata of raiDVing fluid fxm the 
produciJig VMlla. 

•Chfe data obtaai'^ by measureicenta ix^ field teats of the type 
rtencribed abow fc^are incluaive oft the theamal conductivity of tha 
oil E3}i£Lle f oxitaticn^ the ontorunt oi ^1 reoovcrabla by Fiacheac 

30 a^ialyrsls at variona depths vdthin hasted intexvaia of tha oil ^hale 
befbre and aftor htsutijigi the nisasurGSDcacat of the amount of 
pymlysis prodosts roooMaradr and the lika. K!hila no ooocnanicaticei 
oxistiBi between haat iii^octoes .md prodaoers at taat atart'-up, 
injceticoa at the end of the test dencnstrated tJiat penneable 

35 channdJ had foixnad^ Bte results of standard englitcsiing 
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oolciilationfl \i«rc Lxliiaxta.vH of tirte applloatxUity of a or x v ay t, f 
the t.>'pa cteflcriiXL'd otbcA^ to tha rejwlw dbrtaiiiad b/ thift teats, 

PiqFi7iiQ 5 ifs a ^Tjipb of Fifctvir Ar.f^y yields, fitxa the tarqnr. 
2<ai2 in thtt field te9t« a fYinotitn of c!Apth P. Ite heated 
5 int»rvAl ojitawded fiTDoi 4.3 to 6 Tiiu Holad curve 3hcw9 the yields 
h«fo\Te the heatiog ti^saljTRnt and the. ciad»i curve Rhc3w» tJw* jaeldo 
aftftr Tttforting was ocxviat***'' yiolOc bafoani and affcar w^re 
otfuentiolly tJia !?an» cyatfiidc tiia heatod intw^val. Utt mcasuromentB 
were ctoxSa oa uoarea frcxn tJw cetitrc of tha pat-tezn bofiore hsatlng 

lU ari on cotgc about lA cro away after hoatljag* TVia variations vAiich 
are apparent in tho&s yields are within the nonDol lijnite of 
aocuracy for the rneaAuring ot i^ucfa vaiuE^K* 

Mt^hlja tha haated interval tbo Flsch^ Aessy yie^d drops fros 
an average of 20 g&Uceui/tnn* before l:he tm&t to l^es than 2 

JS gnllcna/ton after lieatimj. Uie xetorting ftffXciericy ^iithin the 
proce&fi acne whr thua better than SfOi of FS^t^er Assay. 

The pattarji arid extent of tho rBOorory Qcn£ini» the fact that 
little oil was lo&b over the producijig liorlzaa thtoui^ veirtical 
fractures, in addition,, tha taniftinaiCy In rotorting efficiency' 

20 through ttia heated zcne, li^dlcatee that therral fronts ware 
opproxljitttcly unifcszn ever nxsst of tho heated xnterval* 

The unifomity of tha thermal fmtts is ev^ xitire apparent ia 
Pigarea 6 and 7, nliisy ahcw h:irisantal aiid vertical teKpcraturc 
profiles calculated for a ?et of vertical tieatere in a five-spot 

2.S square pattom. Ihe set uaed in tJ)s oalculaticns xncluded four haat 
inientcTr!) aru^ one oontrG pxoduoer (not .q]u»*ax/ but centorod bOftMeen 
the bcators i£hown oo tha fignres) . ISdad^ licator uaa assusred to be 
.^^4 It) lung and heated ab the ratD o£ H14 Wva^ 

'Lhe profiler la ^gur« r> (gcapt^ of tco^rature variatioaftfl 

30 with distances froo the hcartera) were calculated along a 'atxiiaatal 
boguoot I^I^ ^«:hlch excende through tte cidd-pointB of haatera at 
nppceite comaro of trft «qiiare« Figure 7 id a ^^"^^ graph of 
profiles aloi^ig a '/ectic3l augment If^l^ en the axis o£ eytmatry of 
tha pattern. 

'S5 Such calculataona indicate that by tha titne retorting 
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taijjeraturefl (27^33.5 *C) ttrt reachad at tha centre Of the i>attem, 
iicre than 87% of ttn volwrte baa been oujiwrtud whila only alxwt 14t 
of the coDavtjrtfid volixna heated to more than 325 FX^rthennarej 
th9 calculations ir^diccita that if tbe pcwcx is tui'ned ty£t or 
S redumd before thst o^tn? iteaubBs a tarcrnt teirporAtiit.« aiich as 

315 "C, the JeveLUng off of tba tbannal fnonUs will GtiU hai»t th» 
centzc o£ tha pattern to retorting tssnperatureii ani will also 
r&cUQOQ tho teA93erature ri^a at the hc^tiird. Ifais cnoda nf opcxatioci 
can ensure that lc3a thun lot of tha hoated volxxnc is hsataS to 
If) nc£» than 3^ anl tlnus can lixixeaiM the tbsncmal efflcicit'jcy of 

In viGW of tho dbcrv& teat rnRuTts and the oaXcaintioivi ba»e<l 
cm thnflA resQl^Sr it a^ara tfaart/ tJ UD t xa to the poricr teachings 
dnd bBiiafa, tba iJiitiaL jjcpegranh-ility o^ an oil shale d&^sit uan 

15 bo utilized aa an advaiitaqe. Iho initial isc»rmBabilit? oanfi:^ 
the fluids and fractnzva within the wsll pattam, aii^ca ay 
paETieabilitv exists uxttll th» aoqa b9t»een the heat-Injecting and 
f luid-^^miucizi^ ^mlX9 becooc pamoiiafaed fay a pattazn of heat-induboodk 
horizontal £r4u:tave9. 

20 Xn the presEsnt pco^T&esi, the jcate at ^ddch hyat ia txansirrttt«d 

into the oil ahalo dacxfiit ia atrco^y affected th& tcancporartuzo 
gradijent heftwaen a hbat-injccting well and tha surroordijng earth 
fontutioa. In a preferred procedaro, tba detetntuiartiGnB of 
variations «^ith dai>th in tha ccmpoaitlon and properties of tirjfi oil 

25 »hala deposit .i])cluda a dototsnination of tha pattern of heat 

ccinductlvity with wittnin the earth fcoonaticna ad:iaoecit to the 
heat-inj acting well. Sstsed on such datBttrdrationa tba tenpeareiturea 
to vftiid[\ at laaat ana haat^injectincr well Is heated aitt axranged to 
ba relatively hi^ at the dGgxths at vihidi tba heat ocDdoctiviti^s 

^Cf of tha adjacacit esrth l^onnaticns arc rolativaly lev* This tavrds to 
oausd tha rata at which heat i« transialttcd through eax-th 
^ormationa to he sitetantially rniifoocri along the axis o£ tha 
heat-in>ecting well, naown ptooadnres can be ntUized in order to 
pxov'ida hic^har tenperatores In i>Jirticns of heart injecting wells 

jji adj/ittfgnt to earth forrotions of rolativaly lew haat conductivity* 
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For example, in t/^lls vhich 9irt b^iisg halted i>y eldctxicai 

tdsiBXancea, AddltiOAal resistant elen^Atfl cm be poRltloii«d at 

tho locaLloA at \3t3ich extra tieatinq Is r«quired^ preferably vltli 

precautions beting tAken te avoid the creation of *'run-avay hot- 

apots" to i]icrea»lng t6itp«ra&ur« turther increasing the 

reelstance and thue turther iAcreasiDg the heating, for example » 

aa tieecrlbed in the commoolv aftsigtieil Canadian i^atent application 

Serial »o. 495,854 filed Hovejnber 31, L985, by P. VanMeuxs end 

C.F. Van Rgmond. In wells belngr heated by cembustlon* mo re, or 

lac^er^ or more heavily £ired, burner elenents can be paeitioned 

in aucb locationji. 

Suitable detetibinationB of covipoeitione and propertiea 

of the minerale and/or -or^aAlc components of an oil ehale deposit 

and the variations with depth in svch properties can be nade by 

means «C Unoint veil logging, reservoir sampling, atid the like 

anaWtic&l procedures* The detextninationa ean utilize previously 

measured geophysical or geochemical data or laboratory or core 

analyaes, etc. fox exanple, the variations with depth in the heat 

conductivity ot tt^e adjacent Cornatiohe can be deteroiined by 

calculations based on the kinds and anounts of materials presentp 

And/or by thermal condxiccivlty logging meaaurenentSr et<s. ua 

» 

Patent Bo, ^,^07^221 deacxlbea a logging tool containing a 
constant output heat source and three tenperature seneora for 
obtaining a log of relative themal conductivity 9itb depth, US 
Patent 3, £92,126 describes loggiog cased or open boreholes for 
tf^mperature, apeditlc beat and theraial cooductivlty, employing a 
constant ootput heat source and three temperature sensors. \S3 
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P9t.ent No. 3,864/96!^ detfctihea a logger tot cnakln? station 
meaflMreBtantt oi^ tbermal coniiuetivit/ by heatiacr a formation £or a 
tima then iu«&3uring the rate at tfhloh th« cemp^ratura dticayo t)acK 
to ttia aii)l3l«ut taai)>«tatur« . US Pfttent tfo. 3/9dl,l87 doocribes 
lodging tlierval conductivity of a cased irall by uieASuring the 
tanparatjra ot tho cASlAg vail before and aftar passing a haatdd 
prolse along tha 

As Indleated abovap even vitb irespect a fiv»-apQt 
pitttfvrD in vbich a aicgj^ fluid-producing wall Is sarroaodad by 
four beaf-lnjecting valla, suJbstantially all o£ tkie intexA'anlng 
oil 



shale caj'i h2 both rotortcd €j\d uucIh r^i-'roabla, HGwsver^ the present 
i] wen Lion ir. preferably ccrploycd iii a uuzhiSt ot axitignris seven- 
or tt\J.rtecu-spot patterns — in GitJier a! wbida pattenw 
(particulai-ly in the thii-teavFpot pattern) tl'/i retort ic>g ratu ia 
^ Bignificranftly incrBSifiBia by having eacil fJ-Uid-piOdClclJig wll 
GurroundocI by six or twelve heat- injecting w5:ij.9. 

'iy\e wells uso^ in tl^c prcs«!)\t ^itojetiii >xd ctu^lHteJ by 
Rubetantially any TOtlmd €qx <tri 3 1 \rjg a torebole into ejncUor 
cponii^ «i pra-csdAtincr boreh.ale into 1U.\]id i xmm mication wlU) the 
s^ubterranean oil shAlts lonoation to be lU-Cfd an oU sbaie 
fuceataient interval, in adaition i» Jiaviiig the spBciiiod /ibs«n«* of 
tiignificunt aj i uu n t s of irnbile Mater ^ t^liiclnnesS/ «nd grade, of oil 
tdv^l<>f the irrtfitval to whioii -t-iiR pirenent prrx^ssn 1^ ac?pLicd sbaald 
be oapoblc of oonfinifg fluid at lez^st Bubetaatially witJtiin the 
treauicnt. intervals at least in r^ispoct to allwiDg nu significant 
leakage into cwerlyiog locations vfhen bho prdSfiura of tha fluid 
Tresch^B poxcenQ piresmre, and fractures the foncatlon within the 
tream^t intenral. Its bDreholeH n£ walls cntpleted fcrr usw in t\yo 
prc80ii% porocQSS shcruld be £iubstatxti2dly porallal and B^parotsd fay 

20 stibfitai^tially equal dJMances ot at least about 6 lo. DareJioie 

BEfparatiun difitiinueti bab^vaen injectors aid produces of frca aibout 
9 to 30 cn arc particularly suitable. Bori>hDl68 £rw» of deviatiosta 
txrym parallel. v(hich causs variatixm* ot inor© thaii about 20 p«r cent 
of the wffll di&tanoGS ai^e partixnilarly suitable. 

i!3 xn the beat-tjnjecWng wellg u.sed in the preess^t process, v.he 

ccsnent or omn^t-llka notorial which is ufiod to &^ aioog tiia faca 
of the oil ghj.lB foniaticn ie pref«raJ>ly relatively heat-^ccndnctive 
and flubQtantially fSuid-inpeiroeabXe. Particularly preferred ceinents 
Fsra etabiu at ttsovficaturos of at itsafit about 300 ^C, a 
relatl'»/cly high thamal ooanductivities, relatively low partnaebility, 
little or no ChriTikage# aji adequate ease of pungflbil l ty a)v3 good 
cbmlcal resistance/ etc. ilia peaaneatvillty a«d disposition of the 
sealing material shou3.d prov4c?e a eeal capable of prefventing ajv/ 
?\ig3uf icaiTt ancjnt of fluid f Iw betwnen the interior of the 
bor^t^lo and tha ^ca of tha oil Bhala fartaatian^ uo that tha 
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LL-ajisfw of heal frcm tJv^ wuli to thts fonnatlcn is aib«ta[nr.ially 
wntireJy h/ cxx%iucticB^. t^jtrc porticms of thA iicat-injcitrtiiig wall 
boretola are affect..! veJy increased in diasnotcr near upper and lower 
cxtranitii^a oi tiiu treatment interval, for example/ liy undcr- 
5 re?(ri>in<;i the dlMUters of the incnsaaBd port5cai» arw pnefiMrably at 
•least about 110% <^ Qie naiajiai torehfilH diismetar* Cal.c:lwn 
Alizninata-bon^ed CGlKretes asid/or cemanta oontoiniog aluFoina- 
silicate aggrfigatea (oa: fine particJ.ea) are particulArly Jrtilfaablo 
for U90 as such farsMitican fricg-Bealijig Jnatefri3a5i, I'iooplj&9 ot 

10 sultaJt>le osoents and ooK^cret&fi lirr^lortw t-JinBR deacnbecS ixi ITS 
l^a^tents such as 3,37<>,232; 3,507,332 and 3,595,642- 

FiquxQ 8 abcm a ponct^cox of a ^)cat-injoctl^Ig uxdl IxircJi^Au, 
]x3xclx)la 1 , vAilcti ia {.uitab.le fcr use in tlie present ii^vcntion and 
13 located wlbhlQ a troatcuBnt Intaxval of siibterrareAn o^l shale 

IS dqpofo.t. TtAic^olc 1 ocntalna «iilargwd E»rticnB, buclk aa partiana 2 
usid 3, whicfo can te fotirod tjy CQDveuticnal prooodorcs svtdi a& 
undorixMfflin? durijng i3rillirxif etc» h caelng 4 is shown positioned 
Vfit±Lin the bordhDla and oeiEBixtad into plaoa wi,tl) a flui^ 
Ijrpenceal^lo^ ]^t-ccadLictiv« nMerial/ such oBrent* 

20 ^Tithin each enlarged borebole portion, tho casiiug 4 is 

eqLiipped with at iaaat one boat'^soQvlactive meual eLenaent^ socb as 
collar 6, oosntalxilng radially extenaivie eleniHnta or portiops/ such 
as fi^Ub.le xietal TkBst)ers 7. Bach hcat-sxnductivo imtcriAlfl form 
rialAtively higKly conductive paths finr conducting heat frao within 

25 the- interior of a borehald to eubatantially the viall of an enlarged 
pcirtion of the boretole. CKaicples of eviltablA )teAt-Qorvduotive ncstal 
elements inclu^ ciBtal vail acratche78# turbuleaCT Xndi»ersr 
c^tral^jzers and ths IjJge sudi sb a (lanmor-Lok Tuxbobonder, or 
Boltljbk TMrbtfaooder, a\'ailable frcca Bakerlins division of BakET OU 

jQ ivxils or a 101 Bar S ocntrali^ur availishltf f ran Antalcps Oil Tbol 
Ai^i ^ta]mfacturing Ccnpnry/ oto. 

with an arnngwnjnt of the t^TJe shown in Kigaro 9» at* least to 
aoiUD tiDCtuut, t]ttr iluuL of haat tranonittad away £rcn a heat- 
injcctin^J well can bm moda vam unifom along a vertical lina 

J5 ti^avorsiog a lay^r of relatively low heat osnduotivity withorjt tha 
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necessity of maintatnlttg a bi^^hur tsnporatxire in thr. pnrtlo') of the 
wcXl Ltdjiicent: to th^t Layer. When a unliouu tucnpttt:iitu£B is 
loaintalued witJiin ttia iixterlor of tJ^jD borehole, tha earth fhmati.cci 
face alonrj buch an onlargBd porticn of tlT» boicbDlD bcocitM Isaotad 
to f^ub^kantla^ly the aiou: bsB^sratora as tha foiTQaU.on t'Ace aIcsvj 
narrcMjer portio3u; of t)QC barttbolii» Sinc9 thH faoa of Che faraaciosa 
arijajnin? the borehole is hoatod to tha highefft ten^ratare of cury 
pcrtiun in tha fosinatJcn, \hs teqpCirattux*. grddivnt ctxtendiiig 
radially £rm the enlanjed ixa:tton of the barcHsol* is ehiftad 
radially away thci botehuJek 

Tn 9eiwal, the heating of tha intHtHnr of tha hBat-lpj«ct.lJ\g, 
viell can be aoccRpUd^ by subatantinUy any type of t]sartin9 
device, sucfc €& carhdsticn «rri/or electrical type of hcatiiiy 
olcments* or tha lUos. lbs boiatJii^g eXeoent ^hoold e^ctcnd 
flubstantially tl^iXDugldut thi^ treotzisnt interval (preferably 
t>irwjghaut at 3 Bast abajt &0 i?er ociDt of that itirterval) . S^vsrm a 
catloustioii type yjmtisvj elacesnt is used* a ^^flrad heater la 
prafezTod. Tha fbel and eaddacxts to a contustioD hsater Isucb as 
rnet.hane Bud oxy9ai) aro proierahly aLipplisd trough separate 
condiita leading thrcagh a heat eKcfaoncpor In which tha i 
fluids are heatBi by. tha outflowixig cootosfcioa prodocts. Tho burner 
licusing and fluid ooviduits of a DQicbuBtixsi heatet aie preferably 
InAtaiied v/itbln a wall conduit vihich is surnyjoded by an anmlar 
Bpacs that ia filled hy the cei^ient f^r sealing the face of tha oil 
shalQ. Generally sidtabla typea of coRbuetlon heaters whic^ could 
be arranged for use in tlie s^reeQitt prooeea are deecrihpti in (is 
Extents e«ch aa 2,070, B02> 2,780,450 nnX 2^902,270- 

An electrical refiistanoc hontcor is particularly suitable for 
heating tha iaterigr of a heat-injecting well in the present 
process. A pLurality of ic&istaDoe oluaaotfl are prafonbly uand. 
The rRBiataRce alenwnts cm be nomted within or external to an 
j.TTtevDal conduit or cod, or sinply exterMi into the baroholc ytbsit 
tlm rauiatanoee ore HXtttrral to, or are fxm of a supporting 
Blenretxtr eucb as a caodbit or rod, thay are pcafarably eEifeedcled in 
die corcnt s^iicb ccais tJie faca of tha oil Ghalft aloa? the 



iii-catufiint iuUirvaX, Gftnarally jsuitablo types of Kil£ctrl£ttl heatai'ft 
which ccuid ba arrancjiid fcr ubb 5n U» present prccetXi arv 
deocKhed in Patoits suda 2,472,445? 2,^84,06.1? 2,670,802i 
2,732,195 advi 2,954,826. 
S In vari.oa'J iBseivoj.r situaUcna, portiona of an <rU HhaJA 

dc4>otiit which would, in gsjnered^ he suittfclc for uw* a» a tiefltmnt 
interval, <3£ijx;rib«d in nur panmt applJcatiCD, cnay bo pt^xtftNttad 
by nauural fractureiSi atWoc piar«a of weaXnescj. OucJ\ relatively 
vceok rnrjca nay ^^llJ^e^go r<:lativcly l£»tg a xfa a ng i n nB of vertical 

10 fractuTHa whan pxiftwurieed flulito !D«siJtg diSfplaoaJ cmJay fexi an 

injoctioa wall ntA'tt into tivau This nwy result in extending flnld 
passKiugowBys Jx^'ond t]«> opcninga into janaductico walls* ancVor into 
^Ijocent aquifers ospab^e of c&oslx^ an infloir o£ wobar te> ito 
extant detriii'Bntal to t^e oil reoovoTi' j^roccss. 

J 5 i9e. fciavQ ixn/ diuusveced thart oQch prmature fr^ccure exuerislcns 

can ba atvoidod by drilliftig and heErtin^ "guard walla** vithin au^ 
rwlatiwOy weak oil slialo zoofis iu locations surrouridiJtg a peitteim 
of Jteflt injecting apA fluid producing veils and/OT in lDC£±ijacm 
iirtcmdttent bBtueen a heat injecting or fluid ^odusing \«ai at)d 

'Jtf} eri adyosxunt aquifer . Sadx guard vsvHa oxv usa^ for osnductively 
h^atuig CJia adjolDlng taxtsatiana substantially t^gqoj^qat the oil 
n}tale interval bo be treated Co a txacperature which ia too lor to 
gasify eignificacrt propoxtiora of tiie Oil sHale orgaDic ocrpwiesrtta 
but i& tiigia enough to oau&st a fii^nificant thaannal EatpanBian of the 

2r> rockB* tKlisii thofl-i rocks are Iieated the nartural fracturaa ore k^jt 
clo&£d £md ttiB fracturin? cauead by t^ approaching pcesmxri^ed 
f inldfi (displaced away from lioat-irx^actlng walls) teoda bo 1)6 
liinitcil to horiECntal fracturaa cGnoHntrated 9ilo^ tha aidRa nearefft 
ta the h9at->Tiiecfc\Tig vwlls. Wtocro fluid produelisg vellA are 

30 locatod subtttantioily b^twoaa the haat^inrlecting valle and ths 

guard voclls^ t]v9 Xractureo Skrc pcofttreRtially «ixtMd»d into thou 
wellTp ^re tJ'je high fluid prottsurefl aro quickly reduood by thft 
ptoducitijon of Infloang fluid. 

IhK «?ncoiintering of sudi relatively ^»ak reservoir rocfca ie 

35 apt to be irjdtLcsrtad h^' on inflow of v^tar into 1b dril led into 
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such TocJta. B5 gssneral, t3na natural £^iictiUK»> t:ni\»txrB[ o T5!lat.i\'© 
weokiieiw and/or wateu: inflav can be tiwcoally clocaKl iay a 
relativ-a-ly miia baatljvgr, an Lccxg a« tho fxacturo parosity ifi 
AX>r£ thsn otojt 5 per cenfu 
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C r/ A I M $ 

I . tn a pxoodss in ^ch oil is prodnoad fmm a QUbterrancw oil 
pJial* dapQsK; by extending fit luoat one each of baat-xujectiiig and 
f Iuid-prcxlt3cin9 into the dcpodit, est.^l iahiT:g a hasvt^ 

oQonductlvo f luidhixnpennBzd&le barrier botwoon tlia ijiterlor of oach 
hi^-in^cctiD9 woH euui thsi adjaoant dtspoait, and then haatring t;1>A 
int^inr of eaidti bcat-lnjoctin^ vmH ^rt a texpsratDra sufficient to 
cXtfiductivBly baat oxX shale )(erogt33 and onuse Fyroly&la products to 
foxn frftnhmcfl within t^Ki oil shale deposit throu^ \^cii tbo 
pymlysift (products oro di&ploced icto a± laaBt caa ponoducticn wsll« 
an i Aii^uvw ne n t for enhancing- th» uoifociAity of tha Isat IraextB 
nsovin? thic^jgtt the oil shale dcpoait, vyhlcb csopclscsi 

dertetauning variaticne vltJi dept^ ua th5 coR^iOffltjcxi and 
propcxtios of tira oil ehala depoait; 
oociplecing haatr-lnj«ctlng and £luid-p£Cducin9 «h^il& 
select Lvely Into a troatuiont £n.tacval o£ oil shala in which 
ths oil shaXe deposit Ca} 15 at least about 30 m thick^ lb) is 
substantially impezntBabla and free of loobUje x<iter, (c> has a 
oco|X>sltioa and -dilckn*^ fiuch that the pcroduct of tlie avecaigo 
Fiachar grade times ehe thiduaess of the treatJieni 

Interval La at leaat ab^ot 900# and (d) tbereiby contains 
CGnpoixentA capable of Intoracting 1a a saonar enhancing tba 
unifotraSty of a front of oondacttvoly tranfaiilttcd haat, wltb 
&ald Wtilla being arrtinged ao that, at least ei^stantiaUy 
. cbrcw?h3at said treataient interval, tl^o weU borehoLes arc 
substantially L>acallQl and turn aaporotai by avbatacrtially 
equa>. dl.<3tanoeB of at least about 6 nu, and 
within tha Anrtwinr of anpSi hest-iniecting i«all nnintain^ng an 
a*/stTa3m tBsparatura «ihich, selectLvely along said treatDEsnt 
ii^CQQCval, is at loast about ^ ^C, bat is nott high enough to 
thamlly darege ogalixicnt within the well, hsat la 
being transmitted awy ficra ths vdl at a rate not sic^- 



ficanLLy fatstor than that ijsttidttod by the thannal caon- 
ductivitljea of the earth liaixttutiuru odjauHfjt to tba haat«i 
intflxvai within th9 weXl- 

2. Vi^id ptocfi^ of crlaim 3 in which, to tha extent. rie<3aire*t Ixj 
5 }cficp t]i» rntM 4it w>uch lieat ie tranaiQtto3 thrcogh t>» oil 3ba1.e 

deposit subotantially uatiucai aloog thu axas of tfcM haated inter/al 
of tha heac-iDj«:tln)g well, the teiparaturtt at wtoicb at 
Iwwt one hc«t-injoctijfig is heated id reiati\'ely higher ^rt 
dbpthtf adjacHTft to pcrctiona of tb-t ojJ. slalo deposit In which the 
10 hoat oondiJ^tivitias ara r&iatively Icwu:, 

3. the picocoss of claixa 1 in which tha rata uf haaiting tha 
intardOT of at least ora neat^iniectlng wsU la varied to an extent 
causir^ dn effective lev'elUjuy off of die theainaX f ror* «> i*at th» 
rata <^ ^idvancni thnougti tha oil 3iiala of tha tbimvai Cront in 

f5 ocatiisQed at substoitially tha eacna rate while the rate oi; iiicir^asa 
of tha tflsf^nwratuT* witihin tlx-» J»relTolo is si^ificanfcly rodooed, 

4. 'Oia pL-oi^ess of claia I la ^Aiijdb the beat- jji jesting and 
fluid-producing wllfi are arr^oi^dd in a fiariea o£ ccntiguuua 
patterns io wlUdi each nuid-producln? wall is sucrojnded by ut 

Z0 least four hsat'-^injectiog vx^lla. 

3« Tha iTOcaBB of c^alm 4 in \fta.<i\ each fluidr^xtdicing \ffeU is 
stirtoundad Ly b^alve lieah-in jcsitii^ ^welln^ 
6* I'^ne process of clairo I in vMcb tto oil &halc grado is at 
least about 20 qallona per ton and the gradet-ttuctoess proAjct i«* 

23 At least about 45a{]» 

7 . 'Thje process of olaixu L r couprialmg the etepa of 
- iji each heart-in jectin9 r avtotsntiaUly thaccugboot tha 
trettttnuit intannif sealing the faoo of the oil sh&la tonrnrtiooQ 
with a Bolid natarial ufaich is relatively heat"CX3Ddnckiva and 

y) sitetantially fluid hcs^enoBablai 

iu at least ocie heat-injectii>g well incroaaing ths effective 
diivnetar of the bcnnohole in at leaat cue portion of tha (:xeat3i«Dt 
intarvol and aactBDddA7 at least zxm haat-oODdoctive irertal alatnott 
££01 ^thln the iitterlooc of tho boarehole to the faoa of the 

33 sO"<snlargfed portico of the boictole;, and 

In oacft Xluid^oducing well, subsfcantiaUy throughout the 
treatnent interval, ectfitoliishing fluid ooonunicatjjon betMeen tStm 
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well tior aj*/5 tJws oil sbaOjc famatioa and axrangirg tho tor 
prrxiicHnq f-Uilrt frccR Uie oil shaift fonoBCion. 

B . The procesB of claim 7 in tiu iraterdai saalin? t}w faca 

of th£r oil shaXa fornaticti alom} ths txanitx>l« ol: a t]£3at-inj«iCbitya 
3 well L3 a oarsayt arrangad to fill subtttantiftUy all o£ the &pace 
betwrf^n the outoruo^t ^n^Uicr dlectttntft vzitislu tho Inturior of tho 
borehole and t^a facsj of tiT«^ oil shale fcnoiauion/ «icK 3?»,i/3 oener^t 
having a theannal oOTducti-vity at 3eaeft Bub#?tant.ially aa hi^ ns 
that of oil tihalto foisnatiod. 

to 9. 'Phs pofcccsa of olaim I ui irfiich at least ens well located near 
edga of a pattetTJ o£ heat-injecting ana fluia-pro^ucn.ing vailn is 
^ttsTjJdi subiitantially tiurcuqhujt tha tretatznertt intan'ol and iieurtedi 
At a tdipQraturck Mgti efiina^jh to couaa a tbarsuol eiq;HUxUj*jg i\sv5Jot 
conpresoivc sptrcsslng of tho adjaoant earth Ccmatioos but lew 

J 5 enough ho avoid significant tliearaial laobiliswticm of or^mic 
CQQ^xoenta of tha oil ahaia. 

10. ■die procoss of claim 9 in which at IrMwt caaa so heafcad well is 
£ubsequoeitly heated at atoJt the tco^xurature selected for tte 
Iieating of tha heat-lnjccticg wclla being employed* 
20 Tne prooeaa of cJaiin 1 in v(hw4i the wall horwbDlaa caf said 

hf^t-lTijeL^ioti and fliaid petadi icing iRfuila separated by 
£>ubstAntially equal diiitaaioes of about 9 to 30 bu 



Smart ft^Bigg,, 
OMftwa. Canada 
Paten* Aamu 



A R 3 T p A C.T 



shaXd oil is £ubS6^nififttly pcoduood frcn a avODeorrancan 
Interval of oil sliala, vdifixe tlte intfiival is initially 
siibstsantlally lii4>earnoabl» ana cOT*aij>» a np^cif ied gcade aond. 
thickness oJ? oil shaOa- Said intert'al in conducttwely heated fran 
br>L'«b(>l«3 jTyteriora which aro kopt hottar about dOO ''C and are 
bcatod at a rate 3udi that kerogsn pyrolysia projects forned wi.tWn 
the oil ^ha^A czaate flcu th»jgfei hcsriscstDl fractures ^ich 
aubddejuantiy becxsoo cntondod i2U» fluid'-K^roaLiclng vrolls that are 
po*it\ioned la gpadfied locatijona* 



